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ている。本研究では株式会社耐熱性酵素研究所のβ-1,3-グルカナーゼ B（EC No. 3.2.1.39）











名： Enzyme Mixture CTB-1； 製品コード： EMCTB-01； 耐熱性酵素研究所）として開
発した。以降，本稿ではβ-1,3-グルカナーゼＢとキチナーゼの混合酵素液を EMCTB-01と表
記する。



























基質名 製品名 販売元 関連する修復材料あるいは文化財構成材料
CMC（カルボキシメチ











濾紙 定量濾紙No.5A  Advantec 紙，藁，木材など
フノラン 精製布海苔 東京文化財研究所製? 布海苔（強化剤・接着剤）
デンプン 可溶性でんぷん ナカライテスク デンプン糊（強化剤・接着剤）
キシラン Xylan  from bee-
chwood  Sigma-Aldrich
紙，藁，木材など
カゼイン Casein from milk ナカライテスク 絹、皮革、毛、膠など
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Achromopeptidase  Lysozyme  Enzyme Mixture CTB-1
CMC
酵素添加 0.37 0.35 0.03
基質ブランク 0.31 0.35 0.03
酵素ブランク 0.04 0.03 0.02
MC
酵素添加 0.31 0.42 0.03
基質ブランク 0.31 0.40 0.02
酵素ブランク 0.03 0.03 0.03
HPC
酵素添加 0.31 0.42 0.03
基質ブランク 0.31 0.40 0.03




























Achromopeptidase  Lysozyme  Enzyme Mixture CTB-1
濾紙
酵素添加 5.00 5.00 1.12
基質ブランク 4.04 4.04 N.T.?
酵素ブランク 1.15 1.15 1.12
フノラン
酵素添加 0.27 2.88 0.02
基質ブランク 0.19 2.93 N.T.
酵素ブランク 0.25 0.28 0.01
デンプン
酵素添加 2.29 6.91 2.48
基質ブランク 0.19 4.64 N.T.
酵素ブランク 2.25 2.26 2.50
キシラン
酵素添加 6.26 9.46 3.76
基質ブランク 6.35 4.04 N.T.

































Achromopeptidase  Lysozyme  Enzyme Mixture CTB-1
酵素添加 37.1 20.7 58.0




Achromopeptidase  Lysozyme  Enzyme Mixture CTB-1
酵素添加 0.08 0.08 ＞0.01
基質ブランク ＞0.01 ＞0.01 N.T.?
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キーワード：高松塚古墳壁画（Mural painting of the Takamatsuzuka Tumulus）；キトラ古墳壁画
（Mural painting of the Kitora Tumulus）；修復（restoration）；バイオフィルム除去
法（Biofilm removal method）；細胞壁溶解酵素（cell wall lytic enzyme）
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Selection and Characterization of Enzymes for
 
Removal of Microbial Contamination on the Mural
 
Paintings of the Takamatsuzuka and Kitora Tumuli
 
Yoshinori SATO,Rika KIGAWA?,Keiko KIDA,
Wataru KAWANOBE and Noriko HAYAKAWA
 
On the surface of the mural paintings of the Takamatsuzuka and Kitora Tumuli,there
 
exist undesirable biofilms made of microbial cells of fungi, yeast, bacteria and their
 
extracellular substances. To remove the biofilms, cell lytic enzymes were selected and
 
examined for the effects on various restorative materials and mineral pigments that are
 
identical with the mural paintings of the Takamatsuzuka and Kitora Tumuli.Among the
 
commercially produced enzymes, Achromopeptidase, Lysozyme, β-1,3-glucanase and
 
chitinase were selected. To evaluate the effects of these enzymes on the restorative
 
materials,degradation activity was examined using nine substrates:hydroxypropyl cellu-
lose,methyl cellulose,purified funori,carboxymethyl cellulose,filter paper,starch,xylan,
casein and palmitic acid.As a result,Achromopeptidase showed no degradation activity to
 
tested restorative materials other than casein. Thus, the use of Achromopeptidase is
 
inappropriate when using restorative materials based on proteins such as glue.Lysozyme,
β-1,3-glucanase and chitinase showed no degradation activity to any of the restorative
 
materials.Regarding the influence on mineral pigments,color difference became large in
 
the gold foil and silver foil samples in all cases.It is considered that this is because the
 
enzyme solution dried and solidified on the surface of the metal foil, and the solute
 
component of the enzyme precipitated.Therefore,in actual cleaning work,it is considered
 
that change in color hardly occurs because enzyme solution is suctioned before drying.
The results suggest that the enzymes tested in this study can be applied for removing
 
microbial contamination on the mural paintings of the Takamatsuzuka and Kitora Tumuli.
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